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THE DETOXICATION OF TERPENES BY SHEEP. 
By J. M. HARVEY, M.Sc., Department of Agriculture and Stock, in collaboration
with M. WHITE, M.Sc., Ph.D., Agricultural Chemist, and T. G. H. JoNES, D.Sc.,
Professor of Chemistry, University of Queensland. 
The enlistment of the author for active service has suspended these investigations 
indefinitely. It has therefore been considered advisable to publish the results so far obtained.5 
Many of the edible trees and shrubs in the drier merino sheep areas of 
Queensland contain essential oils. Field observations indicate the possibility that 
terpenes from som,e of these oils are responsible for deaths in lambs fed on fallen or 
"lopped" trees during drought periods. Further point is given to the investigation 
by num,erous claim,s that excretory products from drenches containing eucalyptus 
oils act as blow fly repellents. Accordingly, terpenes of known composition have been 
adm,inistered to sheep and the metabolites examined. Probably the most important 
contribution to date in this field, in which little work appears to have been done, is 
due to Fromm and Hildebrandt! who examined the detoxication products of certain 
terpenes fed to rabbits. Reference to their results will be made later. 
The experimental animals, including the controls which were used in every 
experim,ent, were housed in specially designed feeding stalls. A faeces bag and 
urine collecting belt was harnessed to each animal. The harness was made of webbing, 
the faeces bag of waterproof canvas and the urine belt of rubber. The webbing was 
particularly suitable, since it enabled adjustment without the use of eyelets. The 
diagrams illustrate the essential features of the equipment. 
P-cymene, a frequent constituent of essential oils, was first exam,ined. 5 ml. 
of p-cymene dissolved in 25 ml. of liquid paraffin was administered by means of a 
drenching gun. A 5 ml. dose of 10% copper sulphate preceded the oil to ensure 
passage of the hydrocarbon directly into the abomasum. This procedure was adopted 
to avoid waste and to prevent any change of ruminal flora. This aspect of the work 
together with incubation and perfusion experiments are listed for future investigation. 
Examination of the faeces failed to show any unchanged p-cymene. The general 
m,ethod of treatment of the urine involved an acid hydrolysis and the isolation of the 
products thus obtained by steam distillation. In this case cumic acid was isolated. 
This had been recorded previously.2 
a-Phellandrene was next investigated. Two samples were used-one [a]n - 145 
containing 80% phellandrene and 20% cymene, 3, the other [a)0 - 170 and containing 
95% phellandrene. The latter wa.'3 obtained by prolonged fractional distillation of 
the oil from, Eucalyptus dives. Several end products were obtained. They appeared 
to be the same for both samples of phellandrene. The yield was small-about 20%. 
It therefore became necessary to use a number of sheep and to administer 10 ml. of 
phellandrene in 20 ml. of liquid paraffin to each sheep. No unchanged phellandrene 
was obtained from the faeces. The following products were isolated from the urine 
by the above method.-phellandric acid, p-cymene, carvotanacetone, and possibly 
phellandral. 
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With reference to the isolation of phellandric acid it is of interest to note that 
Fromm and Htldel:>randt (lac. ciL) lsolated cymene wgetner wn;n a pnen01 \..i10n14v2 
m.p. 142° after administering phellandrene to rabbits. It seems probable from the 
above results that this was an impure sample of phellandric acid C10H1602 m.p. 
144 o C. possibly contaminated with a small amount of p-cresol which was also 
obtained from the sheep but which was shown to be a normal metabolic product since 
it was also isolated from the urine of the control animals. 
With a view to formulating a scheme of reactions in the animal the investigation 
of a ketone of similar constitution was undertaken. A sample of piperitone was 
obtained by fractionation of the Eucalyptus dives and regeneration from the solid
sulphite compound. A lO ml. dose in 20 ml. paraffin was administered as in the case
of phellandrene. No unchanged ketone was obtained from, the faeces: The following 
products were isolated from the urine-thymol, carvotanacetone, piperitone, and 
probably diosphenol. 
a-Pinene was then investigated. It was obtained by steam distillation of 
Spirits of Turpentine and subsequent fractional distillation. The fraction B.Pt. 156° C.
and the rotation [a]D + 43 was used. No acidic or phenolic products were isolated
and the yield of neutral product was particularly low-about 3-5%. The identification 
of the products isolated in the urine is now in progress. An examination of the urine 
after the third pinene administration showed gross albuminuria. Microscopically it 
showed copious blood cells, leucocytes and granulated casts but no kidney epithelial 
cells. It was concluded that there had been irritation without inflammation. Post 
mortem examination of a sheep after prolonged pinene administration showed the 
pinene to have exerted marked toxic effects on both liver and kidney. 
The variety of neutral products from phellandrene, in pa.rticular, may be 
very simply explained by the assumption of triol formation in the body. Such a 
substance may then be excreted in a conjugated form. Hydrolysis with mineral 
acid-the laboratory method of isolation-would account for hydrocarbon and 
ketone formations. Failure to isolate these products after hydrolysis with acetic 
acid is in agreement with this theory. The isolation of such a conjugated triol has been 
attempted but so far without success. 
EXPERIMENTAL. 
(1) P-CYMENE. 
The 14-hour urine sample after administration of p-cymene was treated as 
follows :-Precipitated with lead acetate, the sludge centrifuged, suspended in water, 
hydrolysed with sulphuric acid, steam distilled. Crystals of cumic acid were separated 
from the distillate and recrystallised from water. 
Analysis: 
Found C 73·0 
Calc. for C10H1202 C 73·0 
Melting point of acid-1 16° C. 
Molecular weight by titration-157 
Molecular weight by calculation-164 
H 7·3 
H 7·3 
Gave a crystalline amide of melting point 1.'54° C. 
(2) a-PHELLANDRENE. 
The 24-hour urine sample after administration of phellandrene was treated as 
follows :-Acidified with sulphuric acid, heated under reflux for 1 hour to complete 
hydrolysis, steam distilled, the distillate extracted with sulphuric ether, and the 
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extract washed first with carbonate to remove acids and then with sodium hydroxide 
t.lv .n)J.UVVV _phv.uvlo. Thlo L.Lvata:n.ou(J WQ.IO fuuu,d Lo givv rv;o:sulto idou(..ico.l wiLh thuoo 
obtained from the lead acetate precipitation method. 
Acids : Prolonged fractional crystallisation from methyl alcohol gave an acid 
identified as phellandric acid by the following properties :-
Melting point 144 ° C. 
[a]0 -85 
Molecular weight by titration-16 7  ; Theoretical 168 
Silver salt-38·6% silver; Theoretical 39·3% 
Tests for Nitrogen and Sulphur negative. 
Analysis: 
Found C 71·8 
Calc. C 71·4 
H 9·3 
H9·5 
Oxidation: Oxidation with ice cold acetone and potassium permanganate 
gave a small amount of an acid identified as cumic acid by its mixed melting point 
(1 16° C.) with the sample of cumic acid obtained from p-cymene. The main oxidation 
product was an oil which would not crystallise. Oxidation with ice cold 2% aqueous 
potassium permanganate gave a small amount of an acid identified as hydroxy cumic 
acid by its mixed melting point (156° C.). 
Analysis: 
Found 
Calc. 
c 66·3 
c 66·6 
H 6·7 
H 6·6 
The main oxidation product was an oil which would not crystallise. This was 
purified by conversion to the methyl ester and distillation. 
15 ·5 d -
15·5 
1·095 
20 
n- 1·4510 
D 
Analysis: 
Found C 60·2 H 8·4 
Calc. for dimethyl isopropyl adipic acid 
C 61·1 H 9·3 
Calc. for dimethyl isopropyl glutaric acid 
C 59 ·4 H 8·9 
The ester was then hydrolysed and the corresponding acid obtained was 
recrystallised from water. 
Melting point 102° C. 
Analysis: 
Found C 55·3 H 8·0 
Calc. for isopropyl glutaric acid C8H1404
C 55·2 H 8·0 
This was therefore confirmed as isopropyl glutaric acid. This is not in agreement 
with Simonsen4 who quotes isopropyl adipic acid as the oxidation product of 
phellandric acid. The oxidation products were capable of two explanations-(!) the 
acid, mt. pt. 144° C., is capable of being oxidised partly to hydroxy cumic acid and 
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partly to isopropyl glutaric acid, and (2) the acid, of mt. pt. 144° C., is contaminated
with 5% of cumic acid. It WM thought advisable to investigate the possibility of the
cumic acid in the latter case being the end product from the 20% p cymene present 
in the phellandrene. Two gallons of the essential oil from Eucalyptus dives were sub­
mitted to prolonged fractional distillation to obtain 20 ml. of phellandrene [a)0- 17 7 
equivalent to 99·5% phellandrene, and about 250 ml. of a phellandrene fraction 
[aJn - 170, i.e. about 95% phellandrene3. The latter was administered to the sheep 
and the acid end product was isolated and purified. Oxidation of this acid of melting 
point 144° C. with acetone KMn04 also gave a small amount of cumic acid. 
Reduction : After reduction with hydrogen at two atmospheres pressure using 
platinum oxide as a catalyst and ethyl acetate as a solvent, the original acid was 
recovered unchanged. Using glacial acetic acid as a solvent an acid of :melting 
point 95-96° C. was obtain.ed. Hexa-hydro-cumic acid melted at 95-96° C. 
Finally a sample of phellandric acid [aJn - 1 16° C. and :melting point 144° C. 
was obtained fro:rn the Adelaide University by courtesy of Dr. A Killen Macbeth. 
The mixed melting point was 144° C. In view of the difference in rotation of the 
Adelaide sample and our own product, the possibility of contamination of our acid 
with some cumic acid present as an end product of phellandrene cannot be overlooked. 
Neutral Fraction: This was submitted to careful fractional distillation. The 
first fraction-a hydrocarbon (p-cymene) was purified by distillation over metallic 
sodium and identified by the following properties : 
Constants: 
15·5 Found d- ·865 Theoretical ·863 
15·.5 
20 1·4928 Theoretical 1·4902 n --
D 
[aJn zero zero 
Analysis: 
Found c 88·5 H 10·5 
Calc. c 89·5 H 10·5 
Oxidation with boiling aqueous potassium permanganate gave an acid of 
melting point 156° C. Mixed melting point with hydroxy cumic acid 156° C. 
Analysis: 
Found 
Calc. for hydroxy cu:rnic acid 
c 66·7 
c 66·6 
H6·5 
H6·5 
The carbonyl compounds after the removal of p-cymene were separated by 
fractional distillation into two fractions : 
No. 1 fraction constants : 
B Pt. at 4 mm. 
20 n-
D 
15·5 d-
15·5 
[a)u 
l-4828 
·B31 
-25 
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No. 2 fraction constants : 
B. Pt. at 4 mm. 
20 n --
D 
15·5 d-
15·5 
[a]u 
70-80° c. 
1·4857 
·931
-45 
Both fractions gave with difficulty the same semi-carbazone purified by repeated 
crystallisation from alcohol. 
Melting point 16 7-169° C. 
Analysis: 
Found c 62·9 
c 63·1 
H 8·9 
H 9·1 
Both fractions gave 2-4 dinitro phenyl hydrazones with 2-4 dinitro phenyl 
hydrazine and from each were isolated by careful fractional crystallisation-
!. A derivative of deep red colour and mt. pt. 191 o C. 
2. A derivative of orange to red colour and mt. pt. 202° C.
Reduction of ketone fraction with hydrogen at 2 atmospheres and using 
platinum oxide as a catalyst gave a ketone identified as carvomenthone by the 
formation of a 2-4 dinitrophenyl hydrazone of mt. pt. 142° and mixed melting point 
142° with a sample of this derivative from carvomenthone. 
Carvotanacetone was prepared from phellandrene by the method of Wallach". 
2-4 dinitro phenyl hydrazone mt. pt. 191 o C. mixed mt. pt. 191 o C. 
Semi carbazone mt. pt. 170° C. mixed mt. pt. 169° C. 
The possibility of the presence of phellandral is being investigated in view of 
the preparation of phellandral 2-4 dinitro phenyl hydrazone, deep orange in colour 
at melting point 202-204° C. by Macbeth6. 
(3) PIPERITONE : 
The 24-hour sample of urine after the administration of piperitone was treated 
as in the case of phellandrene. In this case no acid detoxication product could be 
isolated. Also repeated extraction of the neutral fraction in petroleum ether was 
necessary to remove the phenolic fraction. 
Phenolic Fraction: This gave an intense green colour with ferric chloride. 
Purification was effected by a brief steam distillation of the sodium salts, the less 
volatile portion being extracted, distilled and seeded with a crystal of thymol and 
recrystallised. 
Mt. Pt. 51-52° C. Mixed Mt. Pt. 51-52° C. 
Analysis: 
Found 
Calc. 
c 79·8 
c 80·0 
H 9·1 
H9·0 
The following derivations were prepared : 
nitroso thymol mt. pt. 160-162° C. 
phenyl urethane mt. pt. 107° C. 
mixed mt. pt. 160-162° C. 
mixed mt. pt. 107° C. 
THE DETOXICATION OF TERPENES Bl" SHEEP. 7 
Attempts to separate the phenol responsible for the green colour with ferric 
chloride were not successful. The following tests on the volatile oil from the steam 
distillation of the sodium salt tend to confirm the presence of diosphenol. 
(i.) Analysi8: C 7 7·9 H 9·2 
which could be explained by 75% thymol and 25% diosphenol. 
(ii.) The fraction readily reduced Fehling's solution. 
(iii.) An oxime was formed which could not be crystallised but showed the 
presence of a nitrogen group. 
Neutral fraction: No trace of any hydrocarbon could be detected. The 
fraction appeared to consist of two ketones which were identified by fractional 
crystallisation of the 2-4 dinitro phenyl hydrazones. 
(1) Deep red mt. pt. 191 o C. and mixed melting point with carvotanacetone
2-4 dinitro phenyl hydrazone 191  o C. 
(2) Orange mt. pt. ll9° C. and mixed melting point with piperitone 2-4 
dinitro phenyl hydrazone ll9° C. Semi carbazone formation yielded 
a rather insoluble (alcohol) derivative which on recrystallisation
melted at 218-220° C. ; mixed melting point with piperitone semi
carbazone 220° C. 
(4) PINENE: 
The 24-hour urine sample after the administration of pinene was treated as in 
the case of phellandrene and piperitone. Fractional distillation of the neutral residue 
obtained from the administration of 1000 ml. of pinene yielded four fractions having 
the following constants : 
No.1 Fraction: 
B. pt. at 4 mm. 50" C. 
Volume 30 mi. 
20 
1-4928 n-
D 
[a]u - 1·5 
15·5 
d--
15·:) 
·883 
Analysis: c 86·1 H 10·4 
As this indicated a hydrocarbon it was purified by distillation over metallic 
potassium to give the following constants : 
20 
n--
D 
[a]D 
15·5 
d-
15·5 
Analysis: 
1·4929 
zero 
·8 71
c 87·9 H 10·5 
These constants pointed to p-cymene. Attempts to oxidise with aqueous 
potassium permanganate to hydroxy cumic acid were not successful. 
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No. 2 Fraction : 
B. Pt. at 4 mm. 
Volume 
[aJn 
20 
n -·-
D 
15·5 
d -
15·5 
Analysis: 
No. 3 Fraction: 
c 76·7 
B. Pt. at 4 mm. 
Volume 
[aJn 
15·5 d -15·5 
20 
n-
D 
Analysis: 
No.4 Fraction: 
c 76·1 
B. Pt. at 4 mm. 
Volume 
[a]JJ 
20 11-
D 
15·5 d-
15·5 
Analysis: c 78·2 
60-65° c. 
4 ml. 
-2·5 
1·492 7 
·947
H 9.7 
H9·4 
75-85° c. 
lO ml. 
- ·;) 
·981  
1·4940 
90-100° c. 
8 ml. 
zero 
1·5080 
·985
H 10·0 
Fractions No. 3 and 4 gave a 2-4 dinitro phenyl hydrazone of melting point 
235° C. (not pure) and a semi carbazone of m. pt. 199° C. 
Analysis of semi carbazone-C 63·0 H 8·1 
The author wisheR to acknowledgP t.he assi:;tance of Mr. R. H. Mathams of the 
Agricultural Chemist. "s staff, who carried out the drenching and much of the 
preliminary work on the urine. 
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